LIGHT (homologous to lymphotoxins, exhibiting inducible expression, and competing with herpes simplex virus (HSV) glycoprotein D for herpes virus entry mediator (HVEM), a receptor expressed by T lymphocytes) has been involved in various autoimmune and inflammatory disorders. LIGHT induces the expression of interleukin-8 (IL-8), which is up-regulated in chronic spontaneous urticaria (CSU). To determine circulating soluble LIGHT concentration and its relationship with IL-8 concentration in patients with CSU. Concentrations of LIGHT, IL-8, and C-reactive protein (CRP) were determined in plasma or serum of CSU patients by an enzyme-linked immunosorbent assay. LIGHT plasma concentration was significantly higher in moderate-severe CSU patients as compared with the healthy subjects, but not with mild CSU patients. There were significant correlations between increased LIGHT and IL-8 concentrations, but not with increased CRP in CSU patients. Enhanced plasma concentrations of soluble LIGHT and its association with IL-8 concentration suggest the role of LIGHT in systemic inflammatory activation in CSU patients. We hypothesize that LIGHT-mediated immune-inflammatory response plays a role in severe phenotypes of the disease.
Introduction
Chronic spontaneous urticaria (CSU) is a chronic inflammatory disease associated with autoimmune phenomena and systemic inflammatory response. 1, 2 The tumor necrosis factor superfamily member 14 (TNFSF14), also known as LIGHT (homologous to lymphotoxins, exhibiting inducible expression,
Circulating soluble LIGHT/TNFSF14 is increased and associated with IL-8 concentration in chronic spontaneous urticaria
and competing with herpes simplex virus (HSV) glycoprotein D for herpes virus entry mediator (HVEM), a receptor expressed by T lymphocytes) has been involved in various autoimmune and inflammatory disorders. LIGHT is known to regulate T cell immune responses and has pro-inflammatory activity. [3] [4] [5] Circulating soluble LIGHT has been reported as a potential biomarker of autoimmune and inflammatory diseases, including atopic dermatitis and sclerodermia, 6, 7 but its association with the pathogenesis of CSU has not been clarified. In addition, it has been demonstrated that LIGHT induces the expression of various cytokines that are involved in urticarial inflammation, including interleukin-8 (IL-8), 5 which is up-regulated in CSU patients. 8 Therefore, in this study, we determined plasma LIGHT concentration and its associations with circulating IL-8 and acute phase response in CSU patients.
Materials and methods
In total, 52 active CSU patients (14 men and 38 women; median age: 38 years, range: 24-50) and 21 sex-, age-, and body mass index (BMI; <30)-matched healthy subjects were enrolled in the study.
Each patient underwent tests, including the autologous serum skin test (ASST) and consultations, which were described previously. 9 The study comprised 28 mild CSU patients and 24 moderate-severe CSU patients graded during 4 days as follows: mild-0 to 8 urticaria activity score (UAS), moderate-9 to 16 UAS, and severe-17 to 24 UAS. 9 H1 antihistamines and immunosuppressants were withdrawn at least 4 days and 8 weeks, respectively, before blood sampling.
The Ethics Committee of the Medical University of Silesia approved the study, and all subjects gave informed, signed consent to participate in the study.
Blood collection
Fasting blood samples were collected in a tube with anticoagulants. Plasma samples were frozen at −85°C until the tests were performed.
Assay of C-reactive protein (CRP)
Serum CRP concentrations were measured automatically using a Roche/Hitachi cobas c system. Normal lab ranges (<5.0 mg/L).
Assay of IL-8
Plasma IL-8 concentrations were measured using a Quantikine Human CXCL8/IL-8 ELISA kit (R&D Systems, MN, USA). The coefficients of variation for intra-and inter-assays were below 8% and 10%, respectively.
Assay of LIGHT/TNFSF14
Concentrations of LIGHT in plasma were measured by enzyme-linked immunosorbent assay (ELISA) method using a commercially available kit (Quantikine Human LIGHT/TNFSF14 ELISA kit; R&D Systems, MN, USA). The coefficients of variation for intra-and inter-assays were below 6% and 8%, respectively.
Statistical analysis
The results were presented as the median and mean values, quartile range, and standard deviation. Normal data distribution was measured using the Shapiro-Wilk test. The data of the CSU patients and the controls as well as those of the mild and moderate-severe CSU groups were compared using Mann-Whitney U test. Spearman's rank correlation test was used for correlations. The P value < 0.05 was considered statistically significant. Analyses were performed with Statistica (StatSoft, Cracow, Poland).
Results

Plasma LIGHT concentrations
No significant differences were observed in LIGHT concentration between the controls and CSU patients (median: 54.77 and 78.07 pg/mL, P > 0.05; Figure 1 ).
LIGHT concentration was significantly higher in moderate-severe CSU patients as compared with the controls, but not with mild disease activity (median: 106.63 vs 54.77 vs 50.94 pg/mL, P < 0.05 and P > 0.05, respectively; Figure 1 ).
There were no significant differences in LIGHT concentrations between CSU patients with positive and negative ASST responses, selected according to the similar UAS (median: 57.55 vs 97.92 pg/mL, P > 0.05).
Plasma IL-8 concentrations
Concentrations of IL-8 were significantly higher in the CSU group versus the controls (median: 8.58 vs 2.5 pg/mL; P < 0.001; Figure 2 ). IL-8 concentrations were significantly higher in moderate-severe and mild CSU groups than in the controls (median: 11.61 vs 6.06 vs 2.5 pg/mL, P < 0.01 and P < 0.001, respectively). The cytokine concentrations in patients with mild CSU were significantly higher than those in the controls (6.06 vs 2.5 pg/mL, P < 0.05; Figure 2 ).
We did not observe any significant difference in IL-8 concentrations between CSU patients with positive and negative ASST responses, selected according to the similar UAS (median: 8.33 vs 8.58 pg/mL, P > 0.05).
Serum CRP concentrations
CRP concentrations were significantly higher in CSU patients than in the controls (median: 3.8 vs 0.4 mg/L; P < 0.001). 9 Significant differences in CRP concentrations between patients with mild and moderate-severe CSU activity and the controls were observed (median: 1.4 vs 9.8 vs 0.4 mg/L, respectively; P < 0.001), (the data have been published previously). 9 There were no significant differences in LIGHT concentrations between CSU patients with positive and negative ASST responses, selected according to the similar UAS (median: 3.9 vs 3.3 mg/L, P > 0.05).
Correlations
LIGHT concentrations were significantly correlated with IL-8, but not with CRP in CSU (R = 0.62, P = 0.000001 and R = 0.22, P = 0.12). LIGHT concentrations were significantly correlated with IL-8 in CSU ASST-and CSU ASST+ patients (R = 0.66, P = 0.00003 and R = 0.61, P = 0.008).
In addition, there were significant correlations between LIGHT and IL-8, but not with CRP in moderate-severe CSU (R = 0.53, P = 0.008 and R = 0.14, P = 0.52).
There was a significant correlation between IL-8 and CRP (R = 0.41, P = 0.002).
There were not any significant correlations between LIGHT and UAS4 (R = 0.17, P = 0.23), but were present between UAS4 and IL-8 and CRP, as described previously. 9 The platelet or leukocyte count was not significantly correlated with plasma concentrations of LIGHT in both groups. 
Discussion
In our study, plasma concentrations of soluble LIGHT were significantly higher in moderatesevere CSU patients as compared with the controls, but not in patients with mild CSU. It is known that moderate-severe CSU is a difficult-totreat disease and is associated with increased systemic inflammatory response and autoimmune phenomena. The dysregulation or overexpression of LIGHT plays an important role in the induction and/or persistence of inflammatory response and autoimmunity. 3, 4 Taken together, it seems that elevated soluble LIGHT concentrations may reflect a persistent chronic inflammatory response that is induced during the moderate-severe activity of CSU.
Previously, we demonstrated that plasma IL-8 concentration is significantly increased in patients with CSU, 8 which is in line with the current results. In this study, we observed a significant correlation between LIGHT and IL-8 concentrations in CSU patients, including the ASST-and ASST+ CSU subgroups. There were not significant correlations between LIGHT and UAS4, but between UAS4 and IL-8 and CRP, as described previously. 9 Interestingly, it has been demonstrated that LIGHT may induce the expression, production, and release of IL-8. 5, 10 These results suggest that the triggering of LIGHT in more severe CSU leads to the release of pro-inflammatory mediators, including IL-8. In addition, it has been reported that LIGHT induces the expression of matrix metalloproteinase-9 and pro-inflammatory cytokines such as tumor necrosis factor (TNF)-alpha, interleukin-6 (IL-6). 11 Taken together, it seems that LIGHT in CSU may contribute to systemic inflammation, especially in CSU patients with more severe disease activity/severity.
LIGHT as a costimulator plays an important role in the activation/proliferation of T cells 3, 4 and mast cells in the course of T-cell-or B-cell-dependent inflammatory reactions. 12 Dysregulation of LIGHT activity may trigger the abnormal T cell activation, leading to a pathological immune-inflammatory response and autoimmune manifestations. 4 LIGHT involvement in inflammatory disorders has also been demonstrated in chronic kidney disease and alkaptonuria. 13, 14 We speculate that the immune response switches to processes involving LIGHT in severe phenotypes Figure 2 . IL-8 concentration in plasma of chronic spontaneous urticaria (CSU) patients and in healthy subjects. CSU (all) and moderate-severe CSU versus controls, P < 0.001; mild CSU versus moderate-severe CSU versus controls, P < 0.01 and P < 0.05, respectively.
of CSU. The underlying mechanism by which LIGHT mediates urticarial processes and its sources in CSU remains unknown. LIGHT (TNFSF14) is a transmembrane protein expressed and shed from different types of immune-inflammatory cells, including T and B lymphocytes, monocytes/macrophages, granulocytes, spleen cells, and dendritic cells, [3] [4] [5] which may be involved in CSU. CRP concentrations were significantly higher in CSU patients than in the controls, thus confirming previous observations. 15 In conclusion, enhanced plasma concentrations of soluble LIGHT and its association with IL-8 concentration suggest the role of LIGHT in systemic inflammatory activation in CSU patients.
We hypothesize that LIGHT-mediated immuneinflammatory response plays a role in severe phenotypes of the disease.
